This work presents a method for estimating the signi®cance level of the capture probability when the capture removal method is used in riverine ®sh populations. The method is based on adjustment of the linear relationship between capture probability and an index of capture ef®cacy. With this method the population size, the statistic 1 2 and the signi®cance level of the capture probability can be estimated. This is a simple technique which can be applied in the ®eld at the time of sampling. It does not require the use of computers and can determine in situ whether the catch is valid to calculate the population density. #
Introduction
Estimation of the abundance of riverine ®sh populations is an important step in any study of population dynamics. The methodology used for this purpose is well established and two kinds of techniques are generally used: the capture-mark-recapture method and the catch removal method.
The Maximum Likelihood Method, which belongs to the latter group, gives the most accurate estimates and has the greatest statistical rigor (Cowx, 1983 ).
These models were initially developed by Moran (1951) , were simpli®ed by Zippin (1956 Zippin ( , 1958 and adapted by Platts et al. (1983) giving rise to a mathematical formula simple to use in computer programmes.
In addition to estimating the density and standard error, the method also calculates the degree of ®t to the model, i.e. the catch ef®ciency or capture probability (p). This parameter estimates the relationship between the number of ®sh captured and the number not captured. It corresponds to the probability that a member of the population will be captured.
This work presents a method to determine the signi®cance level of the capture probability which can be used in the ®eld at the time of sampling, Fisheries Research 44 (1999) 179±182 without the use of computers, applied to long-term studies.
Materials and methods
The Palancar Stream is a small tributary of the Guadalquivir River situated in the Parque Natural de las Sierras Subbe Âticas de Co Ârdoba, in the south of the Iberian Peninsula between the co-ordinates 37828'3''±37827'39'' N and 4818'10''±4817'15'' W.
Quantitative samples were taken every season over two years, from summer 1994 to summer 1995 (®ve samples) and from summer 1996 to summer 1997 (®ve samples).
The catch per unit of effort method was used. A stop net (2.5 mm diam. mesh) was placed at the downstream limit of each site. Three people waded upstream and electro®shed with anode-dipnets for a constant time (45 min).
The Zippin maximum-likelihood method for three catches (Zippin, 1956 (Zippin, , 1958 was used for estimating population size (N), catch ef®ciency (p) and 95% CL (Mahon, 1980) , simpli®ed by Platts et al. (1983) . The FSAS program was used for the statistical analysis (Saila et al., 1988) .
In order to test the ®t of the model, 1 2 was calculated using the null hypothesis that the capture probability was constant over the sampling period (Platts et al., 1983) . When the adjustment was signi®cant the model was considered to give a good estimate of population size.
The following index of catch ef®ciency, different to the catch probability, is de®ned:
where C 1 is the number of fish caught in the first removal and C the total catch. The method we propose consists of adjusting the linear relationship between the capture probability (p) and the catch ef®ciency . In order to do this we carried out a signi®cant number of samplings. Other simple solutions have been proposed for calculating the probability of capture by means of generic curves (Seber, 1982) , but in this study we calculate speci®c curves for each population.
With this ratio the index and the capture probability are calculated for a new sampling. Applying the formula of Platts et al. (1983) the population size is calculated from the equation:
where k is the number of removals made during the sampling (in this work k 3) and S is equivalent to:
where C i is the number of individuals caught on occasion i. The significance of the capture probability (1 2 ) can be easily calculated from the equation:
where E i NÁp (p À 1) i À 1 . The statistic obtained should be compared to the tabulated value of 1 2 with k À 1 degrees of freedom. In this work, in which three removals were carried out, the capture probability is constant when 1 2 < 5.991 and > 0.05.
Results and discussion
The ®sh community of the Palancar Stream is comprised of four species: Leuciscus pyrenaicus (Gu Ènther, 1868), Barbus sclateri (Gu Ènther, 1868), Cobitis paludica (De Buen, 1930) and Micropterus salmoides (Lace Âpe Áde, 1802). The latter was only caught in the last sampling.
The catches of each population and the linear relationships are shown in Tables 1 and 2 , respectively. The adjustment to ®t the straight line was signi®cant in all cases (***P < 0.001), permitting good estimates of p as a function of .
When < 0.05 the capture probability is not constant and the estimate of population size is poor. In this case the sampling should continue, another removal should be carried out and the value of should be calculated again to determine whether the sampling is valid, and so on. The importance of applying these equations for each population in the ®eld can not be undermined, since if these calculations are made a posteriori in the laboratory and an < 0.05 is obtained, it will be too late to rectify the results.
Obviously, these equations can only be calculated in long-term studies since they are intrinsic for each population. The variable capture probability is not only dependent on the characteristics and habits of ®sh populations but also on factors related to the design and implementation of the sampling and on the physical, chemical and environmental characteristics of the habitat (Lobo Ân-Cervia Â, 1991). Table 1 Catches made in each successive sampling (C n ) and the total catch (C) a Sampling date a N is the population size calculated, s n À 1 represents the standard deviation. p is the capture probability, the catch efficiency, 1 2 the test of significance and the significance level of the Zippin method. 
